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COMPLETE SPECIFICATION 
New or Improved Optical System 



I, Mohammed Moheyddeen Shafik, of 
5, Sharia ElHaddad, Kobri El Koubbah, Cairo, 
Egypt, Unked Arab Republic, a citizen of the 
United Arab Republic, do hereby declare the 

5 invention, for which I pray that a patent may 
be granted to me, and the method by which k 
is to be performed, to be particularly described 
in and by the following statement: — 
•This invention relates to a new or improved 

10 optical system having a particularly enhanced 
angle of view and utilizing an optical element 
which embodies the principle of deviation of 
rays as a result of reflection. 
Compound lenses in general consist of a 

15 combination of simple lenses, of different 
forms and specifications, the variable factors 
of which enable a designer to compute and 
design them for optimum functioning within 
acceptable tolerances. For many successive 

20 generations this process has been adopted to 
produce different lenses, and lens systems hav- 
. mg small or large angles of view. So far as 
large angles of view are concerned however a 
lens or lens system with an angle of view com- 

25 parable to that of the human eye, with the 
simplest optical means, has not been achieved. 

Within the last fifty years, attempts have 
been made to increase the angular range of 
some lenses and other optical devices especially 

30 in the field of photography and projection of 
still and motion pictures, used in entertain- 
ment, education and scientific research. Some 
devices such as cylindrical lenses or prismatic 
combinations, which increase the angular 

35 -range of some lenses or optical devices in one 
plane to li or twice die original angular sec- 
tors thereof, have been successfully accom- 
plished. Such devices have been produced as 
additional attachments for regular lenses or 

49 as a part of a new device. However, the princi- 
. pal idea in both cases was to give an anamor- 
phk effect and to ensure that the optical 
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devices co-operating with one another achieve 
all the necessary corrections to yield optimum 
performance of the whole combination. 

-Furthermore, a recent cinematographic sys- 
tem has been developed using multiple syn- 
chronized apparatus both for making and 
showing a film. However the need for multiple 
lenses and films does create problems the 
most important of which are: 

(a) the expense of the apparatus; 

(b) difficulties and complications involved 
in the use of multiple films; 

(c) as a consequence of (b) and variations 
in developing conditions, different parts 
of the total image -may not be homo- 
geneous in exposure; 

(d) the existence of junction lines- between 
parts of the projected image, together 
with possible vertical or horizontal dis- 
placements; 

(e) difficulties due to breakage during pro- 
jection of one component strip of the 
multiple films producing the total image. 

The general object of this invention is to 
overcome inter alia the above mentioned diffi- 
culties and obtain a similar or somewhat 
similar result by using simple means that can 
be incorporated in any optical system for the 
photography, observation or projecting of a 
wide subject free of adjoining 'lines. 

This optical means will be applicable with 
any existing optical system used in standard 
or substandard optical technics. The use of 
the invention may also permit shooting a 
scene on a given scale and projecting the same 
scene printed on ,a strip of film of another 
scale. 

The invention may also provide an optical 
system adaptable for use -with all regular 
apparatus, employed in still or cine photo- 
graphy and thus permit the utilization of 



45 



50 



55 



60 



65 



70 



75 



80 



1,132,605 



available regular processing and* montaging, 
methods and apparatus. 

Tte present invention thus consists in an 
optical' system comprising a concave parabo- 
5 loidal- ^ellipsoidal or spherical wide angle 
"open" reflecting objective and a lens system 
whose axis is co-axial with the optical axis of 
the reflecting* objective*, or such' axis as de- 
viated by an intervening' plane mhror, for 

10 forming an image in a plane perpendicular 
to the optical axis of the lens system of an 
object lying in a plane parallel to the optical 
axis of the reflecting objective. 

•By "wide angle" in this description and 

15 claims is to be understood any objective which 
when used for photography covers an image 
format whose diagonal is greater than its- 
focal length. This is equivalent to a minimum 
semi-angular field of about: 27°. 

20 »By "open" in this- description and ^lafmg 
is meant; a reflecting objective wfiich in pro- 
file viewed' ateng^its optical' axis is not a com- 
plete circle. Jtmay have an irregular peripheral* 
shape cur at" random or it may fee of regular. 

25 form but sectioned ' in an axial plane in which 
case when used' with a lens- or other optical 
cornponents it" ivvXU' Have an angle of view of 
•180° in planes normal' to its axis whereas in 
axial planes it wMI Save an angle of view 

30 slightly orsufcianHally~le$s ffiafl £80" This 
is in coTStsrast co a^so^called' "closed" reflecting 
objective which" is: a. section of a hollow closed 
(Body such as. a sphere: IF this objective- is a 
seetierr of: a hollow sphere cut in. any segmen- 

35 tal plane* it will have an-angle of view of 360° 
in that plane and alT other* parallel planes, 
£e>«hl aH planes normal' to its-optical' axfe. 

'Advantages of an optical system according 
to the invention are r — 

40 (a) that it gives an extreme* wide' angled 
image;- 

<&) -freedom- of image- distortion (when the 
image is-- projected' onto^a- surface of ap- 
propriate* curvature); 
45 ' <&) die* extreme? depths of field- both- for 
photography, and projection* Le. in photo-- 
gr*aplry oncer-die ©pgcai -systems-adjusted* 
to- give- a? fcteussed? image- on' die* image* 
surface then a universal: focussing is. 
50 achieved^ i : e. .focussing* from the' nearest 
distancerto infinny. Irc^erofreprodnc- 
tiore once die optical system is ; adjusted: 
in? relation: to* the projected image* to- re- 
produce a* sharply defined imager car any 
55 surface;; then* die: same imager will be: 
focussedr on any other plane: to- any scale 
of reproduction, 
(d) the. uniformity of illumination of the 
projected image- obviating, the 4tH power 
60 cosinefactor. 

(For. a. better uridei-standing of the inven- 
tion, however, reference should be made to 
•the following description of preferred embodi- 
ments thereof which are illustrated in the ac- 
65 companying drawings. In these drawings : — 



Figures* It, 2, 3 and 4 respectively illustrate 
four different concave mirror elements show- 
ing two "closed" and two "open" mirrors, the 
"open" mirrors .being for use iff. lens* systems 
according .to themvendonithcrrefeTen^Ietteis 7# 
'A', "B", 'CTand.'D' indicating: a- firsc aaffsv 
verse section, a second, transverse secrfeic 8P 
removed from- the;*h*st oflei-a plto raw? and! a* 
perspective * view-respectivelj^ 

■Tie. main, principle on which- the: present 75 
invention is based is the uiilisaiionroftfe pro- 
perty of deviation of rays asv ai restdr or re- 
flection thereof from a concave "open" (as 
defined) reflective surface" of special form- and 
disposition in relation to a lens- system- 80 

Figure 1 of the drawings illustrates a 
"closed" spherical mirror. The various parts 
of Figure. 2 of the. drawings however show a 
part-spherical 1 regular open mirror. Such a 
mirror, may be- sectioned in any axial or? non- $5 
axial* plane or planes;, it may be sutrlcierxf- to 
obscure, certain parts of the mirror if there 
is no need to remove the certain. obscufiof 
parts to admit. ligHt. 

In allsndi. cases tfie angle o£ view would be 90 
less* than- 560° in. planes, normal' to the axis,- 
Hbwever in axial planes : it will em&ace art 
angle of view slightly or substantially less, than 
1S0° in the sectors opposite tfie open- parts, 
of the mirror, or. less: than 907 in. sectors op% 95 p 
posite-the nonvopen: parts. 

It is to be understood' that- in* all instances, 
•the mirror must be sectioned, in axial planes v 
or planes parallel" to* the. axis or partially, oh- 
scured: in these planes. ky an. amount sufiS- 1Q0 
cient to cover exactly the <fesir£d*sectoj*S:in.tne 
planes normal to the axis and! ii is also to; be 
understood that this- rmrrorr muse Be sectioned! 
in planes*, normal to.- the axis or. partially" ob- 
scured in these planes so as. to be of sufficient: 105 
axial depth; to. cover, the desired sectors ire 
axial planes . 

. It should further, be noted that in. order; 
Co obtain the desired, increase of the angle o£ 
view of a lens used with, the miriror-r die: lens; 110 
must be placed so that the. node of the? said 
lens is. at a distance: from, the surface of the: 
mirror- on the common/ axis- more ttian twice 
the focal length, of the mirror, le. outside- the: 
centre of. the sphericaC mirror. " 115 
•The above* discussion: relates*- tec dirJerenti 



'closed" or "open;" regular or irregufe How-* 
ever,. the iotti*oit mayb^r psmriinffliri afettr' dhp** 
soidaL . * 120 

' Figures 3- and 4- show two* aspherieaf forms 
of mirron Irt Figure- 3 1 there* is- sfiown^a conieaL 
"closed** minor; whilst Figure* 4- shows an 
ellipsoidal* operrxmrron 

It should be noted that in order to- obtain* 125 
the desired increase of* the angular held of 
view in a plane parallel to the opixcaLaxisr of 
the lens used with a mirror as shown in Figure 
4, the said lens must be positioned so that the 
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rrodaof the said ien^comddesrwith die. seconds 
noderof tbe-ellipse.. 

«Iris deskable that lift aperture of. the mirror> 
seotioniin an-the*aboveL mentioned-cases corres*- 
5 ponds tch tie angle. ofi view-of tile lens? mounts 
ing; the: minor coaxially in* the: optical; system* 
within acceptable tolerances^ in order not: to 
affect the: aperture of* the. kns» except within: 
the least possible, limits* 

10 Qptkal* systems incorporating, concave, 
mirrors* in- accordance.' with- tfiis> invention^ of 
• whieh- illustrative: examples' have already been 
mentioned- may be used for photography, and* 
observation^ and/or projection: of pictures of 

15 still: or moving; subjects. In> assembling a cotb- 
cave mirror with.- a? lens? to- increase- the angle 
of view thereof in a compound optical system* 
according;*©- this irrvenriorr the. whole- assembly 
may be mounted within a? metallic sealed shell 

20 on tie like to permit usage, of die whole- 
assembly: under various atmospheric.conditions* 
and* under water and- k> maintain all tfie- pacts 
of. the assembly in good condition. 
The (whole assembly of: the: optical system, 

25 may be mounted in various manners^ post- 
tidus* and- designs- including deviation, of the. 
optical axis in a special direction in. one- part 
of the. assembly and in* another direction, in. 
another part- once or several times- so that tfie- 

30 deviation may be from 0 to maximum $88°. 
Furthermore, the modes of assembly may in- 
clude different positions for- a convergent lens 
an optical device or other correcting, optical 
components: co-acting with the mirror.. 

35 la $he detailed description: with reference, 
to the drawings which follows some referencft 
♦letters and numerals will be used to denote 
similar parts in various FIjrures*. fir all* the 
figures the sealed- outside shell; whidrmay Be- 

40 metallic or otherwise of the various optical: 
dements and their: different positions have 
.Been?©mittedfor the safe of snnplk^and ; &r 
a better understanding- of the* performance 1 of 
the various embodimetits; 

45 Example £ 

This example consists of -two embodiments,, 
shown in' Figures 5<r and' 5fr. to bath, errrtesdi^ 
ments a concave spherical mirror is usedt- 
Tfie deptfr of tie minor Md in? the-emtaadr- 

50 meat shown in Figure 5te and- rerjresentedr irr 
ther drawing* by m An is less than? <rhe 
radius of the sphape:- Jr extendi torn point Bj>. 
Ttr point Ej.,. whereas in the. embodiment shown 
irr Figure- 5b, the mirror is sectioned in* a» 

55 plane shown- by iE-tP r . normal to-its- axis, pas- 
singe througte the: eentrfc of the' sphere E and 
is: then- sectioned in- another plane normal to 
its axis^ passing the line. IVE* in> order. to. con- 
stitute* an. open mirror. The depth, of tins. 

60 last mirror is between point E-Tk; and' is 
indicated in the drawing by arrow Ar x . In the- 
embodiment shown nv Figure 5a>, the optical 
system covers- in* the axial planes* an angle- 
induded belween tie top>ray R>tthe upper;-. 



mBsa? point oft which ia at P^ andlrayj Rj, which: 65 
bypasses* the bodjKnot shown.) of the; optical 
apparatus. Jil mereHuSodimentshovto^ 
5b x . the optical system* eoversi in axial planes 
angle a, included between; top> ray R> the 
uppermost of- whieh; is at point P 4 and ray 70 
whjchr is refleeted-at point, P^ 
It- is aj>patent that: ray, R in Figure 5b- is- 
higher* thin its. eorrespemding^ray R> in Figure 
5a* a* a: result of * mirror Md> in- Figure 5b 
being cut in at plane so as to. gass? hue. Eg-P*. 75 
Similarly ray 6* in -Figure. 5h is- higher than- 
its corresponding ray Ra in Figure 5a. as a 
result- ol cutting^ the' niirxor at point B 4 , This 
system- will cover a sector? of 18Q° in jianes- 
normal: to the. optical' axis- of the* system: 80 

Example; 2 
•In* tins? example which* is- illustrated, in 
Figure: 6*. there is used an ellipsoidal: concave 
open, mirxori Me.. In, this Figure rays are. 
shown as-r^ beams>.the ray. beam, Impenetrates. 85 
the shield Shy passes die. first focus- F }> 
which.- coincides with, point C r representing 
the centre, of the. sphere of the shield Shi- 
Said ray beam- will, then be* reflected, in. area 
F x by the concave mirror Me to the second. 90 
focns-Fzac which, coincide with, area E 25 repre- 
senting, the aperture area, of the lens- and 
therefrom the. beam strikes point P 3 on the 
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In a similar manner ray beam R^-bypassing 
"the body (notshown) of the ©pticalxapparatus, 
will produce an. image, of its. source at point 
Pf. on tile image, surface S. 

Thus it is apparent that in axial planes, 
this optical system covers-sector; a*, correspond- 
ing to angle J3 of the sector of the lens, where- 
as in planes normal to- die: axis it covers a 
sects* of 085°.- 

ExAMBLE 3i 

This example relates- to an. embodiment 
shown: in* Figure 7 and representing, a. new 
optical systemi utilising two* concave ellip- 
soidal- open mirrors*. 

iThis unitary optical, system consists of an 
ellipsoidal concave open mirror Me x whose 
first focus- fiv Fi and whose- second focus. F^ 
arid? another mirrorr Mcv of the same, shape 
whose (first focus is F'j and. whose, second 
focus- lies- a£ the. same, point F 2 _ These two 
mirrors are- oppositely; mounted-,, as shown, in 
die. Figure. ^ — 

The system also comprises, a lens L,. the 
nodal point o£ which P 2 coincides with, the 
common second focus F 2 . It is. preferable that- 
the lens- be- of symmetrical form x in which 
case botte mirrors* Mej and Me& are identical 

HowevBTy bn^ niirror^ 
ire this, case,* the lens will be: asymmetrical, in 
form* 

However^ it: is. desired that the second foci 
of both mirrors shall coincide with trie nodal 
paint? Ps- of the lens.. 

Finally the? optical system, includes a. sur- 
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face for die image, which may be cyHndical, 
as. shown in axial plan view X and in plan 
.view nonnal to axis X' or may fee spherical 
as shown in axial plan view X t and in plan 
5- view normal Co axis XV 

• Jh this embodiment ray R, penetrating the 
optical system, passes focus Fx, and is (re- 
flected by the mirror Mei at- point Pu so a^ 
to pass the. common second focus F t coinci- 

10 dent with point P 2 , instead of producing an 
image of its source at the image surface and 
giving a picture in- the * < mitial stage," to be 
explained below. 
This ray R penertates the lens L and passes 

15 to mirror Me,, which will reflect it at point 
P V 'It will then pass focus F' x and strike die 
image surface X or X u giving an image of its 
source in the "final stage" at the point P,. 
In a similar manner, ray R 2 will produce an 

20 image of its source in the "final stage" at 
point P 5 on the image surface X or Xi. Thus, 
on the cylindrical surface X there will be pro- 
. diiced a real image of the source of rays. 
On the image surface X, there may be 
. 25 placed a negative film or a positive film for 

• projection of an image produced by this sys- 
tem, and by the use of a. projection surface^ 
placed in front of nurror Mei/as "shown by^ 
the phantom projection surface Ph, this is 

30 possible whenever there is available a light 
condenser suitable for projecting such an image 
in the above mentioned conditions. # 

It is clear that this unitary optical system 
covers in axial planes a sector a, correspond- 

35 ing to an angle fi of the sector of the dens, 
while in planes normal , to the axis, it will 
cover a sector of 180°. 

Example 4 
,This embodiment, shown in- Figure 8, is 
40 shmlar in principle to the embodiment shown 
in Figure 6 and discussed in Example 2, but 
coffers therefrom- in that the plane mirror 
M s is placed inclined on axis 1— 1 at an 
angle 8 of 45 6 , its right hand edge is shown 
45 in the Figure 4ies in a plane normal to the 
optical axis and causes the optical axis at that 
. edge of the mirror to deviate at point G to the 
direction 2—2 normal to the direction .1—1 in 
such a manner as to r>exmit photography obser- 
50 vation or projection with this system in the 
usual conventional lateral direction; 

This embodiment is at present considered 
the preferred one. - 
•As a result of using plane mirror M, the 
55. lens and. the optical apparatus K are placed 
on axis Z—2 at point P* in such a way that 
point P 2 coincides with FV which is the 
- . image, of the second focus F 2 of the elUpsoidal 
concave mirror Me, ie. point F» shown in 
60 Figure 6 and not shown in Bgure 8, which 
• is the second focus of the minor in the axis 

1—1. " . t « 

In this embodiment, ray R penetrates shield 
Shi and passes die first focus F tt coincident 



with point C, to be reflected by the concave 65 
mirror Me at point Pi in the direction of the 
second focus F^ it then strikes the plane 
mirror M, and is reflected thereby at point 
Pjb to point Pa, coincident with: point F'* 
to reach the image surface S and produce 70 
an image of the source of this ray at point Pa- 
in a similar manner, an image of the source 
of ray R 2 is produced at point P 3 . The ray R 2 • 
may extend angularly to coincide with axis 
1—1, as shown vertically in this Figure. 75 

Thus, it is obvious that this optical system - 
covers in an axial plane sector a, correspond- 
ing $o angle of the:sector of the lens, 
whereas in a plane normal to the axis, it covers 
180°, when there is no front shield for this 80 
system. # - 

It is to be noted that if it is desired to 
obtain a system which covers, in planes normal 
to the axis, a sector as close as possible to 
180° and a washer, a metallic shield or any 85 
similar article is mounted on the transparent 
shield Shi, such washer, metallic shield or 
the like, must be flat with the least possible 
thickness, since this thickness will be an 
obstacle to the rays in planes .normal to the 90 
axis at both edges of the concave mirror and 
subtending an angle corresponding to the said 
thickness relative to the centre of the trans- 
parent shield Shi. 

As described above a real image may be 95 
obtained in two stages. 

These-twa stages may be carried out by a 
unitary integral optical, system, e.g. by the 
system discussed in Example 3 and shown in 
Figure 7. 100 

However, these two stages may be carried 
out by two similar systems, one for produc- 
ing an initial image of which the dimensions 
are not on the same scale of reproduction 
either in axial planes or planes normal to the 105 
axis, with respect to the* three planes of the 
actually photographed scene. 

It is Co be noted that the scale of reproduc- 
tion increases in a direction from the centre 
of the picture towards the periphery thereof. 110 
Consequently the outlines lying on one circle 
of the picture will be on the same scale. This 
increase in scale is non-linear and differs in its 
non-linearity from one case to another depend- 
ing on the type of concave mirror use, whether 115 
the latter is ■spherical or aspherical. 
. In the initial stage, when photographing or 
reproducing the image obtained in the initial 
stage and using an optical, system, preferably 
a system similar Co that used in. obtaining 120 
the image in its initial stage, the image is 
projected on to the concave projection surface, 
which may be cylindrical as in the case of 
surface X, or spherical as in Xi shown in 
Figure 11. . . 125 

It is desired that the optical axis of the 
concave mirror of this embodiment shall coin- 
cide- with the axis of curvature of the cylin-. 
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drfcal projection surface, or shall pass the 
- centre of the spherical projection surface. 
In the light of the foregoing disclosure, k 
wiU be apparent to those skilled in the art 

5 that in any assembly of a complete optical sys- 
tem including the concave mkror according 
to this invention any optical device may serve 
as a correcting device among other necessary 
correcting devices for original and subsidiary 

10 aberrations. By the term "any device" it is 
intended that the optical system shall include 
all those elements necessary to contruct the 
system and which are placed in any position 
in the path of rays starting from the points 

15 . that ate being photographed or observed up to 
the image surface and vice versa in the case of 
projection. Such elements may be any optical 
elements in the path of the rays, such as lens 
elements or an optical device co-acting wkh 

20 the concave mirror of this invention, alter- 
natively it may be a correcting device in the 
form of a lens stuck to the concave surface of 
the concave mirror, or a part of the said 
concave mirror, in which case it affects the 

25 rays twice, i.e* it refracts those rays when 
they pass through to the reflecting surface of 
the mirror and produces the same effect when 
such rays are reflected by the said surface. In 
this case, the reflecting coating layer of the 

30 mirror is applied to the convex surface of the 
said optical element. The correcting optical 
elements may be placed between the concave 
mirror and the lens, or placed 'between the 
said lens and the image surface or plane, in 

35 which case it may contact that plane. 

Furthermore, a filter or niters may be 
placed in any position of value in the arrange- 
ment of correcting elements. The filter may 
be flat or halfnspherical, in the 'latter case the 

40 filter must have a larger diameter than that 
of the transparent shield and be placed out- 
side the said shield Sh*. 

It is to be noted that the surface on which 
still or motion pictures, taken by any system 

45 subject to the principle of this invention, are 
reproduced, should be concave. It may be 
either cylindrical or spherical and cut in 
dimensions which are in uniformity angularly 
with the sector of the reproduced photograph 

50 in its three spatial planes (the lateral, the 
vertical and in depth). 

The designer of the proposed optical system 
may freely determine the value of the angle 
to be covered in the axial plane and divide the 

55 said whole angle as desired, so that the value 
of the angle below the line normal to the 
axis passing the nodal point of the concave 
mirror may be larger or smaller than half the 
whole angle. 

60 Thus, the complete optical system will cover 
a non-symmetrical sector above and below the 
optical axis of the system, so that the angle 
of elevation may not be equal to the angle 
of depression, permitting special angles to be 

65 obtained which conform to the method of 



still or motion picture reproduction in theatres 
and are in accordance with the gradient of 
the floor and seating of the said theatres with 
the least possible modifications, since the pro- 
jection apparatus used in such a system may 70 
be placed at the centre or at the axis of curva- 
ture of the screen in . front of the audience. 
It may also be placed below the front tow 
of the audience or suspended above them, in 
accordance with the selected angles and eleva- 75 
don. 

'If desired the proposed optical system may 
be used tor photographing and reproducing the 
same picture with its relative dimensions un- 
changed or may fee used with other optical 
systems of reproduction, which differ from the 
aforementioned optical system in their dimen- 
sions, or in the focal length of the lens in- 
cluded in the system, and consequently, in the 
dimen s io ns of the concave mirror. However, 
in all conditions the two systems must be 
similar in the values of the corresponding 
angles of the parts of the scene in the three 
spatial dimensions either in photographing or 
in reproducing, i.e. the image both in the 
case of photographing and reproducing has 
to be at the same distance from the nodal 
point of the lens included in both systems 
when focussed for photographing or reproduc- 
ing within the acceptable tolerances. 

Several embodiments of this invention have 
been disclosed in the foregoing by way of 
example only. 

■It is apparent that certain modifications 
may be made within the scope of the inven- 
tion as defined in the appended claims. 

WHAT J CLAIM *S: — 

1. An optical system comprising a concave 
paraboloidal ellipsoidal or spherical wide angle 
"open" reflecting objective and a lens system 105 
whose axis is co-axial -with the optical axis 

of the reflecting objective, or of such axis as 
deviated by an intervening plane mirror, for 
forming an image in a plane perpendicular to 
the optical axis of the lens system of an object 110 
lying in a plane parallel to the optical axis of 
the reflecting objective. 

2. An optical system as set forth in claim 
1 in which the reflecting objective is a concave 
spherical mkror of lesser depth than the 115 
radius of the sphere. 

3. An optical system as set forth in claim 
1 in which the reflecting objective is a concave 
sphercal mkror sectioned in a first plane 
normal to its axis passing through the centre 120 
of the sphere and also sectioned in a second 
plane normal to its axis. 

?. An optical system as set forth in claim 
1 in which the reflecting objective ds an ellip- 
soidal concave minor and die lens system is 125 
located .with its aperture area at the second 
focus thereof for directing an image onto a 
plane reflective surface perpendicular to the 
optical axis. 
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5. An optical system as set -forth in-cUrim an angle of 45° to said axis to deviate said 

1 in which the reflecting objective is an dflip- axis in a direction normal thereto, said lens 15 

soidal concave mirror and comprising^ second system being -situated on said deviated axis 

opposite mounted -ellipsoidal nourror of which -with 'its aperture area at the second focus of 

5 the second locus -coincides <witfa the -second the reflecting objective. 

focus of the reflecting objective, -said Hens 7. An optical system substantially as herem- 

system having it nodal point ^incident with -before described with reference to and as 20 

said common second focus.- -shown *in any of Figures 5A, 5B, €, 7 or S of 

6. An optical system as set Jorth »in claim the aeeompanying -drawings. 
ID 1 in which the reflecting objective is an ellip- 
soidal concave mirror and including a plane MARKS & CLERK, 
mirror disposed with -one-edge at -or adjacent Chartered -Talent Agents, 
the optical axis of said reflecting -obj ective ^at Agents : fo r the Appficanr. 
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